Grammatical categories, such as verbs and nouns, are the basic linguistic elements in all human languages. The representation of these two categories in the brain remains a controversial issue in terms of both neuropsychological and imaging evidence.
Several classic studies in patients who have suffered brain damage suggest that the knowledge of names or verbs can be spared or damaged following a neurological lesion. The hypothesis that the distinction between nouns and verbs at different levels of representation might take place in different cortical areas, however, poses a problem to researchers when attempting to identify neuronal areas or circuits involved in the processing of the different categories. Vigliocco's review 1 suggests that a neural dissociation is observed between the processing of object words (nouns) and action words (typically verbs).
The action verbal fluency test was developed by Piatt et al. 2 based on findings indicating that verb production is primarily associated with left fronto-striatal circuits (together with the posterior temporal region and underlying white matter), whereas the production of nouns is primarily mediated by the temporo-parietal areas of the hemisphere dominant for language 3, 4 . The fronto-striatal circuits are neuronal pathways that create a functional association between the basal ganglia, caudate nucleus, putamen, globus pallidus and frontal lobe functions and are involved in motor disorders such as Parkinson's disease (PD).
As previously shown, data from Parkinson' s patients
5
, HIV-1 patients 6 and normative groups 7, 8 support the validity of action fluency as an indicator in the assessment of frontal systems.
In this study, we analysed a possible influence of a more frontal implication in linguistic production in PD patients 1 without dementia and explored the action fluency test as a supplementary instrument for assessing the integrity of frontal-subcortical circuits when compared to traditional fluency tests.
metHoD

Participants
The study sample was comprised of 31 PD patients without dementia and 61 healthy controls matched for age, years of education, gender and residence area. Parkinson's disease was diagnosed according to the United Kingdom Parkinson's Disease Society brain bank diagnostic criteria for idiopathic PD. None of the patients had a history of neurological or psychiatric disease other than PD. Patients with signs suggesting atypical Parkinsonian syndrome were also excluded.
All PD patients were taking anti-Parkinsonian medication regularly at the time of the evaluations. The native language of all participants was Portuguese.
Assessments
Behavioural abnormalities were evaluated using the Frontal Behavioural Inventory (FBI). Cognitive impairment was screened using the Mini-Mental State Examination (MMSE) with a supplementary clinical judgment of an assisting physician. Evaluation of depression was performed using the Portuguese Version from the Center for Epidemiologic Studies Depression Scale (CES-D). According to Schrag et al.
9
, the CES-D is acceptable for use in PD in terms of language and format. Because the CES-D contains few somatic items and no items regarding loss of interest, it is unlikely to be significantly contaminated by the non-depressive symptoms of PD and may be useful across the range of PD disease severity. Potential study participants were excluded if they reported any incapacity to understand the experimental design, major depression or any neurological illness other than PD. None of the patients present agrammatical speech that was evaluated by a speech therapist with an analysis from spontaneous discourse and the Cookie thief description from the Boston Diagnostic Aphasia Examination (BDAE). All study participants provided informed, written consent, and the institution's ethics committee approved the study protocol.
Procedures
Participants were tested individually in a quiet room by the same examiner. Those with motor fluctuations were tested when they were in the on stage.
All participants were administered standardised tests of letter (P, M, R), semantic fluency (animal, fruits and supermarket goods) and action verbal fluency 1 . Examiner instructions for the action fluency test were adapted from the original author 1, 5 The primary outcome was the total numbers of unique verbs generated in 60 seconds in the action verbal fluency test. The secondary variables were the total number of items in traditional fluency tests and the influence of demographic variables.
The letter and semantic fluency exams were administered in the standard manner. Letter fluency consisted of three separate 60-second rounds in which participants were asked to name as many words as possible beginning with the letters P, M and R. The choice of these letters, instead of the usual F, A and S was based both on: a) their orthographic transparency, and b) the number of words in the lexicon (entries in a Portuguese dictionary) beginning with these letters. According to this, P is the easiest and R the most difficult letter in the task 10 .
For semantic fluency, the participants were instructed to generate the names of as many animals, fruits and supermarket goods as possible. The score obtained in the fluency tasks corresponds to the total number of words correctly produced. For both semantic and letter fluency exams, participants were asked to refrain from responding with proper names, repeated words or words previously mentioned with a different suffix. The order of administration of the tasks was randomised across participants to avoid any priming influence.
A total of 37 patients and 63 controls were included. Six patients were excluded from the analysis because they did not fulfil the inclusion criteria [depression (n = 3) and illiteracy (n = 3)]. Two controls were also excluded due to depression.
The mean disease duration of PD was 9.8 years (SD = 6.13). There were no age (U = 899.5, p = 0.616), gender (chi-square = 0.00, p = 1.00) or literacy (U = 956, p = 0.96) differences between the two groups ( Table 1) .
statistical analysis
The total performance in the verbal fluency tests was compared between the two groups. The various demographic variables were analysed to determine whether or not they significantly influence the total test scores. To compare the performance of the two groups in each of the tests, a MannWhitney test was used because there was not a normal distribution among all the variables. Thus, it was not possible to employ a Student's t-test for independent samples. SPSS (Statistical Package for the Social Sciences -version 19.0) was used for the statistical analysis of the data.
resuLts
The action verbal fluency task was the only fluency task that showed statistically significant differences between the groups (U = 406.5, p = 0.00) (Table 2, Figure) .
The analysis did not detect any significant influence of age on the different task scores. Although no significant impact of age was observed, the results obtained from the Spearman correlation showed a non-significant trend for the performance to decrease as age increases. The Spearman's correlation coefficient measures the intensity of the relationship between two ordinal variables. By contrast, academic education was significantly related to an increase of the total number of produced items (p = 0.036). No effect of gender was observed on the performance of any of the tests (p = 0.811). A correlation analysis performed to check for an eventual influence of the disease progression on the action verbal fluency test revealed no significant correlation between these two variables (p = 0.886).
DIscussIoN
We found a significant difference between patients with Parkinson's disease and a matched control group that performed better in the action verbal fluency task. This difference was not replicated with the other fluency tasks.
The study from Péran et al. 11 gives evidence that nondemented PD patients may present a particular difficulty to produce verbs in a word generation situation. Other studies 12, 13 suggest that the processing of verbs is supported by the frontal lobes, requiring a complex network of syntactical and grammatical information coordinated by an executive system. These hypotheses are supported by studies conducted in healthy subjects who showed a selective activation of the left inferior frontal gyrus, during verb production 14 and an activation of the low frontal cortex in tasks requiring syntactical and morphological processing 15 . Cappelletti et al. 16 reinforced the idea that the medial anterior portion of the left frontal cortex is critical for verb processing.
In the present study, several verbal fluency tests were analysed in 31 PD patients without dementia. Our purpose was to compare the performance of PD patients with that of a control group and verify whether or not there were differences in the performance of the different tests.
The results of any verbal fluency test are closely related to the integrity of executive functions 17 . However, they depend on several factors and are thus not considered pure tasks from the point of view of the assessed functions. A synchronised involvement of different cognitive mechanisms is highlighted by several studies 18 . In regards to the relationship between verbal fluency tests and the assessment of language and executive functions, evidence has shown that verbal fluency tasks partially depend on a linguistic component 19 , the executive aspects of language processing, specifically the construction of concepts 20 , and the strategies for lexical search used throughout the test 21 . In this context, other studies 5 suggest that the action verbal fluency test can be useful as an additional measure of executive functions and as a more sensitive indicator of the integrity of the frontal-subcortical circuit than the traditional semantic or phonemic fluency tests. This is due to the assumption that verb production is primarily associated with left fronto-striatal circuits 3 . The results of the action fluency test are consistent with this principle, for they have demonstrated higher sensitivity to the physiopathology of frontostriatal circuits than phonemic or semantic fluency tasks 2 . Several studies conducted with both clinical samples and individuals without pathology have supported the validity of action fluency as an indicator of executive functions 6, 16 . In this line of thought, the action verbal fluency test can simply represent an assessment indicator of some frontal functions, with higher sensitivity and specificity than traditional verbal fluency tests. Some arguments support this possibility: On one hand, the phonemic fluency test, described as the most accurate in frontal lesions, is not always reliable 22 , and the participants can become familiarised with the processes involved in the execution of this test. On the other hand, poor performance in the semantic fluency test is commonly associated with parieto-temporal lesions, and thus this test is not sensitive to frontal changes. The fact that the PD patients studied here present action fluency values much lower than controls and that such a difference was not visible in phonemic fluency corroborates this idea. Thus, the action verbal fluency test may be a useful instrument to complement those existing in clinical practice and in scientific research to assess executive functions.
Considering that this study identified a specific deficit in verb production in PD patients, it would be interesting to confirm these results with another instrument. Because the naming of action images is described by several studies to be limiting and restrictive in the generalisation of results 23 , an alternative would be the presentation of video stimuli, such as that presented in the study by d'Honincthun and Pillon
.
The replication of our results using a different test will contribute to validating the action fluency test as an instrument for verb evocation assessment in clinical practice as well as in research.
The development and validation of new indicators of frontal functions are important, as traditional neuropsychological assessment tests in this domain are frequently not specific enough. It is therefore important to have a neuropsychological assessment instrument to assess the evocation of verbs that is sensitive to a specific deficit and that allows the determination of some of its contours.
The results of the action fluency test were significantly lower in the clinical group compared to the control group. One of the explanations for this effect could be related to the hypothesis that the action fluency test is intrinsically more challenging and likely requires the use of a considerable neuronal network. While semantic or phonemic fluency tasks are facilitated by semantic or phonologic contexts provided by the examiner, action verbal fluency requires the restoration of an entire lexical class (verbs). As the instructions provided to the participant involved "things that people can do", however, the individuals tended to provide answers related to aspects of daily life, even describing activities of daily living. This fact suggests the hypothesis that, despite being a general instruction, the subjects make use of a long-term memory and tend to contextualise the answer and organise it much more coherently than in the phonemic verbal fluency test. The fact that, in the control group, the average number of produced verbs in the action fluency test was higher than in the phonemic fluency test supports this reasoning. On the other hand, because verbal fluency tests require strategies involving lexical searching and fast articulatory production, it is vital to distinguish articulation deficits from linguistic deficits in PD patients. The absence of statistically significant differences between the performance of patients and controls in traditional verbal fluency tests seems to exclude the influence of a global difficulty in word production, which is consistent with previous reports 25 . The fact that the performance of the clinical group was slightly lower than that of control groups in all tests can be explained by the bradykinesia that is characteristic of PD. However, this does not clarify the significant difference found in the action fluency test. Thus, it was necessary to establish a satisfactory justification for the disparity in the production of the different grammatical categories.
It is possible that the deficit in verb generation found in PD patients may correspond to a disturbance in the ability to access both brain representations of actions and their linguistic forms due to the frontal dysfunction shown by these patients. In support of this hypothesis, Boulenger et al.
26 provided evidence for a shared cognitive and neuronal substrate of actions and action semantics related to words.
Conversely, the specific deficit for verbs can reflect a dysfunction of the executive system that relies on the fronto-striatal system, affecting the ability to coordinate and manipulate the wide range of information that is associated with a verb. This deficit may be interpreted as an early and possibly isolated effect of the alteration of executive functions associated with the physiopathology of fronto-striatal circuits.
Concerning the effect of biographical variables, the results of the present study are in line with the existing literature, as they indicate that the generating of words, and more specifically of verbs, is significantly influenced by academic education. This is not surprising given the vast literature reporting the role of academic education in verbal abilities 27 . The years of disease duration did not correlate with the performance of the clinical group in the different tests. One could expect that, as the disease progresses, its effects would become visible in the final score of the tests. One interpretation for the lack of this correlation could be that the inclusion criteria enabled the small clinical sample to be more homogeneous. However, it is important to note, that in the study conducted by Signorini and Volpato
28
, the deficit in the action fluency test was also independent from the duration of the disease.
No effect of gender was observed on the performance of any of the verbal fluency tests and these results are consistent with the literature 27, 29 . Additionally, no age effect was observed in the different verbal fluency tests, which is coherent with data with reference to semantic fluency 30 , to action fluency 28 , and phonemic fluency 30 . Although no significant impact of age was observed, the results obtained in the Spearman correlation analysis showed a non-significant trend for the performance to decrease as age increases.
In the studied sample, our results showed that: a) the action verbal fluency test was the only task that showed different results in patients and controls; b) for traditional tests of verbal fluency, there were no significant differences between PD and control subjects; c) the difference between the production of verbs and nouns may be understood as a linguistic deficit specific for verbs in PD patients without dementia, whose frontal functions are thought to be affected; d) the specific deficit of verb evocation detected appears before the patients show clear signs of cognitive impairment; e) academic education was the only biographical variable with significant influence on the results of the different tests, and no gender or disease evolution time effect was detected in the test performance.
The results of this study emphasise the idea that the action verbal fluency test can be useful as a supplementary indicator for the assessment of executive functions. Future researches in a larger sample and additional tests of executive functions are required. 
